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dimensional product is to be built, a powder dispenser which is 
arranged to lay down a thin layer of powder on the work table for 
the formation of a powder bed, a ray gun for giving off energy to 
the powder whereby fusion of the powder takes place, members 
for controlling of the beam released by the ray gun across said 
powder bed for the formation of a cross section of said three-di- 
mensional product through fusion of parts of said powder bed, 
and a controlling computer in which information about successive 
cross sections of the three-dimensional product is stored, which 
cross sections build the three-dimensional product, the control- 
ling computer intended to control said members for guiding the 
ray gun across the powder bed according to a running schedule 
forming a cross section of said three-dimensional body, whereby 
said three-dimensional product is formed by successive fusion of 
successively formed cross sections from powder layers succes- 
sively laid down by the powder dispenser. 
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TITLE 

Device and arrangement for producing a three-dimensional object 
TECHNICAL HELD 

5 The invention relates to a device and a method for manufacturing of a three-dimensional 
product through successive fusion of chosen parts of powder layers, placed on a 
worktable. 

TECHNICAL BACKGROUND 

10 A device is previously known, e.g. through U. S. Pat. No 4,863,538, for manufacturing 
of a three-dimensional product through successive fusion of chosen parts of powder 
layers, applied to a worktable. The device comprises a work table on which said three- 
dimensional product is to be formed, a powder dispenser, arranged to lay down a thin 
layer of powder on the work table for the formation of a powder bed, a ray gun for 

15 delivering of energy to the powder whereby fusion of the powder takes place, elements 
for control of the ray given off by the ray gun over said powder bed for the formation of 
a cross section of said three-dimensional product through fusion of parts of said powder 
bed, and a controlling computer, in which information is stored concerning consecutive 
cross sections of the three-dimensional product. The three-dimensional product is built 

20 up through fusion of chosen parts of consecutively added layers of powder. The 
controlling computer is intended for the control of deflection elements for the ray 
generated by the ray gun over the powder bed in accordance with a running schedule, 
which depicts a predetermined pattern. When the running schedule has fused the desired 
area of one powder layer, a cross section of said three-dimensional body has been 

25 formed. A three-dimensional product is formed through consecutive fusions of 

consecutively formed cross sections of powder layers, successively laid down by the 
powder dispenser. 

When a device according to the state of the art us utilized for manufacturing of three - 
30 dimensional products, it has become apparent that deviations from the desired shape, 
size, and strength arise. 



\ 
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SHORT DESCRIPTION OF THE INVENTION 

One object of the invention is to provide a device for the manufacturing of three- 
dimensional bodies through successive fusion of chosen parts of powder layers, laid 
down on a work table, in which reduction of deviation from the desired form, size, and 
5 strength of a three-dimensional body is made possible. 

This object is achieved through a device in accordance with the characterizing part of 
patent claims 1 and 25. By providing an element for the sensing of surface 
characteristics of a surface layer, positioned on the powder bed, measurement and 

10 correction of the characteristics of the surface are made possible, whereby a product 
with reduced deviation from desired dimensions and surface irregularity can be 
achieved. In a preferred embodiment of the invention, the temperature during fusion of 
the powder particles is measured, whereby it is possible to ascertain that the fusion takes 
place within a defined temperature range, whereby the risk is reduced for appearance of 

15 defects, e.g., through vaporization or boiling of the material. Vaporization and boiling 
of the material may give rise to welding sparks or other surface irregularities. This 
element also allows measurement of the cooling temperature of specific fused parts in a 
powder layer, whereby the risk for appearance, and the size, of any surface tension in 
the fused part may be reduced, thereby reducing unwanted changes in shape. Further, 

20 measurement of the dimensions of the cross section is made possible, whereby a 
comparison of the dimensions of the formed cross section with the intended cross 
section of the object can be used to calibrate the controlling elements of the ray gun. 
The element also allows measurement of the temperature of the unmelted powder bed, 
whereby maintenance of an advantageous temperature from the point of view of the 

25 process can be monitored. 

According to a preferred embodiment of the invention, information on the temperature 
distribution in the surface layer of the powder bed is fed back to the control computer 
for adjustment of the running schedule over the surface layer of the powder bed. 
30 Changing the running schedule and the power and/or appearance of the beam enables a 
correct temperature to be maintained in the different parts of the powder bed. 
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In a further preferred embodiment of the invention, the information concerning the 
temperature distribution in the surface layer of the powder bed is utilized to increase 
energy delivery within areas of the surface layer of the powder bed, in which the 
temperature is too low, and to decrease the delivery of energy within areas in which the 
temperature is too high, whereby a less fluctuating working temperature in the cross 
sections is obtained. Through adaptation of the energy delivery to specific parts, a more 
correct temperature distribution is obtained, whereby the quality of the product can be 
improved. 

In a further preferred embodiment of the invention, the device is arranged to control the 
energy delivery from the ray gun in areas fused within the presently uppermost powder 
layer, in such a way that the maximum temperature after fusion in these areas is within a 
limited range. By controlling the energy delivery in such a way that too high 
temperatures are avoided, the risk of boiling and vaporizing the material, with ensuing 
defects, can be reduced. 

In yet a further embodiment of the invention, said information on the temperature 
distribution is utilized to control energy delivery from a ray gun, which is part of the 
device, to the powder bed, in areas which are being fused within the presently 
uppermost powder layer, and which are to be united with areas within a subsequent 
layer, in such a way that the minimum temperature in these areas does not fall below a 
predetermined limit. By ascertaining that the temperature does not fall below a 
predetermined limit, the risk for appearance of surface tension, with ensuing 
deformation of the product, can be reduced. 

In yet another embodiment of the invention, said information on the temperature 
distribution is utilized to control the energy delivery from the ray gun to the powder bed 
in unfused areas within the surface layer of the powder bed, in such a way that the 
temperature within these areas does not fall below a second predetermined limit. By 
maintaining a certain temperature in the powder bed not intended to be fused, the 
cooling process in areas already fused or to be fused can be controlled more closely on 
the one hand, and on the other the disturbances arising from transfer of the beam across 
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areas not intended to be fused, in order to reach different areas scheduled for fusion, can 
be reduced. 

In a still further preferred embodiment, the surface irregularity is measured, preferably 
5 by a camera that registers shadow formation on the surface, whereby the surface 
structure can be read. Upon registration of occurrence of surface irregularities, e.g., 
arising from a welding spark or in some other way, the ray gun can be ordered to an 
identified coordinate in order to melt down the identified irregularity. 

10 In one preferred embodiment of the invention, the powder bed and the ray gun are 
enclosed in a chamber, which is equipped with a transparent window, protected by a 
film, which is feedingly arranged along the window, whereby new film is being fed. By 
feeding the film as it is being coated, the transparency through the film and through the 
window can be maintained. 

15 

A second object of the invention is to provide a method for the manufacturing of three- 
dimensional bodies through successive fusion of parts of a powder bed, which parts 
correspond to consecutive cross sections of the three-dimensional body, in which 
reduction of deviation from the desired form, size, and strength of a three-dimensional 
20 body is made possible. 

This object is achieved through a device in accordance with the characterizing pars of 
patent claims 15. By providing an element for the sensing of surface characteristics of a 
surface layer, positioned on the powder bed, measurement and correction of the 

25 characteristics of the surface are made possible, whereby a product with reduced 
deviation from desired dimensions and surface irregularity can be achieved. In one 
preferred embodiment, the temperature distribution in a surface layer in the powder bed 
is registered, which enables temperature control during fusion of the powder particles. 
This makes it possible to ascertain that the melting takes place within a defined 

30 temperature range, whereby the risk for occurrence of defects, e.g., through boiling or 
vaporizing of the material, can be reduced. This element also allows measurement of the 
cooling temperature of specific fused parts in a powder layer, whereby the risk for 
appearance of any surface tension in the fused part may be reduced, thereby reducing 
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the risk for occurrence of unwanted changes in shape. Further, measurement of the 
dimensions of the cross section is mad possible, whereby a comparison of the 
dimensions of the formed cross section with the intended cross section of the object can 
be used to calibrate the controlling elements of the ray gun. The element also allows 
5 measurement of the temperature of the unmelted powder bed, whereby maintenance of 
an advantageous temperature from the point of view of the process can be monitored. 

In yet a preferred embodiment, the surface irregularity is measured, preferably by a 
camera that registers shadow formation on the surface, whereby the surface structure 
10 can be read. Upon registration of occurrence of surface irregularities, e.g., arising from a 
welding spark or in some other way, the ray gun can be ordered to an identified 
coordinate in order to melt down the identified irregularity. 

Further preferred embodiments are given in the enclosed sub-claims. 

15 

DESCRIPTION OF THE FIGURES 

The invention will be further described below, in conjunction with the enclosed 
drawings, in which: 

20 Fig. 1 shows a cross section of the invention, 

Fig. 2 shows a side view of a chamber equipped with a transparent window, 
Fig. 3 shows a device for feeding and fixing of a protective film for maintaining 



Fig. 4 
25 Fig. 5 



Fig. 6 
Fig. 7 
Fig. 8 



transparency of the window, 

shows a flow chart for the generation of primary running schedules, 
shows a flow chart for a running schedule of the device, 
shows a flow chart for the correction of said running schedule, 
shows the schematic build-up of a three-dimensional object, and 
shows a number of cross sections from Fig. 7. 



30 
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EXAMPLES OF EMBODIMENTS 



In Fig. 1, a device is shown for the manufacturing of a three-dimensional product, 
generally designated by 1. The device comprises a work table 2, upon which a three- 

5 dimensional product 3 is to.be built, one or more powder dispensers 4, and members 28 
arranged to lay down a thin layer of powder on the work table 2 for the formation of a 
powder bed 5, a ray gun 6 for releasing energy to the powder bed whereby fusion of 
parts of the powder bed takes place, control members 7 for the beam released by the ray 
gun 6 over said work table to form a cross-section of said three dimensional product 

10 through fusion of said powder, and a controlling computer 8 in which information is 
stored on sequential cross-sections of the three-dimensional product, which cross- 
sections constitute the three-dimensional product. During a work cycle the table will be 
lowered successively in relation to the ray gun after each added layer of powder. In 
order to make this movement possible, the worktable is in one preferred embodiment of 

15 the invention aiTanged movably in vertical direction, i.e., the direction indicated by the 
arrow P. This means that the worktable starts in an initial position 2\ in a position 
where a first powder layer of necessary thickness has been laid down. In order not to 
damage the underlying worktable, and in order to provide sufficient quality of this layer, 
it is made thicker than the other applied layers, whereby melt-through of this first layer 

20 is avoided. The worktable is thereafter lowered in connection with laying down a new 
powder layer for the formation of a new cross-section of the three-dimensional product. 
In one embodiment of the invention, the worktable is for this purpose supported by a 
scaffold 9, comprising at least one rack 10, supplied with cogging 1 1. A step or servo 
engine 12, equipped with a gear 13, positions the worktable in the desired vertical 

25 position. Other devices for adjustment of the working height of a worktable, known to 
those skilled in the art, can also be used. For example, adjusting screws can be used 
instead of racks. 

The member 28 is arranged to cooperate with said powder dispensers for refilling of 
30 material. Further, the sweep of the member 28 across the work surface is driven in a 
known manner through a servo engine (not shown), which displaces the member 28 
along a guide rail 29, running along the powder bed. 
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At the laying down of a new powder layer, the thickness of the powder layer will be 
governed by how far the worktable has been lowered in relation to the previous layer. 
This means that the thickness of the layer may be varied as desired. Thus, it is possible 
to make the layers thinner when a cross section exhibits greater change in shape 
between adjacent layers, whereby a higher fineness of the surface is achieved, and to 
make layers equal to the maximum penetration depth of the beam when small or no 
changes in shape occurs. 

In a preferred embodiment of the invention the ray gun 6 is constituted by an electron 
gun, whereby the control members 7 for the beam of the ray gun is constituted by 
deflection coils. The deflection coil generates a magnetic field that controls the beam 
generated by the electron gun, whereby melting of the surface layer of the powder bed 
in a desired position is achieved. Further, ray guns comprise a high voltage circuit 20, 
which is intended to supply, in a known manner, the ray gun with an acceleration 
voltage for an emitter electrode 21, arranged at the ray gun. The emitter electrode is 
connected to a power source 22 in a known manner, which source is utilised for heating 
the emitter electrode 21, whereby electrons are liberated. The function and composition 
of the ray gun are well known to those skilled in the art. 

The deflection coil is controlled by the controlling computer 8, according to a laid-down 
running schedule for each layer to be fused, whereby control of the beam in accordance 
with the desired running schedule may be achieved. 

A detailed description concerning the generation and correction of running schedules 
follows below, in connection to the description of the drawing figures 4-6. 

Further, there is at least one focusing coil 7\ which is arranged to focus the beam onto 
the surface of the powder bed on the worktable. 

The deflection coils and the focusing coils may be arranged according to a multitude of 
alternatives well known to those knowledgeable in the art. 



The apparatus is contained in a housing 15, which surrounds the ray gun 6, and the 
powder bed 2. The casing comprises a first chamber 23, surrounding the powder bed, 
and a second chamber 24, surrounding the ray gun 6. The first chamber 23 and the 
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second chamber 24 communicates through a channel 25, which allows emitted 
electrons, which have been accelerated in the high voltage field of the second chamber, 
to proceed into the first chamber, thereafter to impinge on the powder bed on the work 
table 2. 

5 

In a preferred embodiment, the first chamber is connected to a vacuum pump 26, which 
lowers the pressure in the first chamber 23 to a pressure of preferably about 10* 3 - 10' 5 
mBar. The second chamber 24 is preferably connected to a vacuum pump 27, which 
lowers the pressure in the second chamber 24 to a pressure of about 10" 4 - 10"* mBar. In 
10 an alternate embodiment, the first and second chambers may both be connected to the 
same vacuum pump. 

The controlling computer 8 is preferably further connected to the ray gun 6, for 
regulating the emitted power of the ray gun, and connected to the stepping motor 12 for 
15 adjustment of the vertical position 2 of the work table between each consecutive laying 
down of powder layers, whereby the individual thickness of the powder layers may be 
varied. 

Further, the controlling computer is connected to said member 28 for laying down 
20 powder on the work surface. This member is arranged in order to sweep across the work 
surface, whereby a layer of powder is lain down. The member 28 is driven by a servo 
engine (not shown), which is controlled by said controlling computer 8. The controlling 
computer controls the duration of the sweep, and secures that powder is refilled as 
needed. For this purpose, load indicators may be arranged in the member 28, whereby 
25 the controlling computer can be informed that the member is empty. 

According to what is shown in Fig. 2, the device further comprises members 14 for 
sensing the surface characteristics of a surface layer at the powder bed. This member 14 
for sensing the temperature distribution of a surface layer at the powder bed 5 is 
30 preferably constituted by a camera. In one preferred embodiment of the invention, the 
camera is utilised partly for measuring the temperature distribution on the surface layer, 
and partly for measuring the occurrence of surface irregularities through the shadow 
formation caused by irregularities on a surface. Information of the temperature 
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distribution is used partly to achieve a temperature distribution as smooth as possible 
across the parts of the surface layer, which are to be melted, and, partly, information 
may be used to control any deviation in measures between the generated three- 
dimensional product and the original, since the temperature distribution reflects the 
5 shape of the product. In a preferred embodiment of the invention, the video camera is 
mounted on the outside of the casing 15 that contains the powder bed 5 and the ray gun 
6. In order to make the measurement of temperature possible, the casing is provided 
with a transparent window 16. The powder bed 5 is visible for the camera through this 
window. In a preferred embodiment of the invention, which is shown in Fig. 3, the 
10 window 16 is covered by a protective film 17. The protective film is fed from a feeder 
unit 18 to a collection unit 19, whereby the film is successively replaced, which has the 
effect that transparency can be maintained. The protective film is necessary, since 
deposits arise as a consequence of the melting process. 

15 In Fig. 4, the procedure for generating primary running schedules is shown 

schematically. In a first step 40 a 3D model is generated, for example, in a CAD 
program, of the product to be manufactured, alternatively a pre-generated 3D model of 
the product to be manufactured is fed to the controlling computer 8. Thereafter, a matrix 
is generated in a second step 41, containing information of the appearance of cross 

20 sections of the product. In Fig. 7, a model of a hammer is shown, together with 

examples of thereto belonging cross sections 31 - 33. These cross sections are also 
shown in Fig. 8a - 8c. The cross sections are laid down in a density corresponding to 
the thickness of the separate layers to be fused in order to make up the completed 
product. Advantageously, the thickness can be varied between the different layers. For 

25 example, it is advantageous to make the layers thinner in areas with a greater variation 
in the appearance of the cross section between adjacent layers. Thus, during the 
generation of the cross sections a matrix is created, which contains the information 
about the appearance of all cross sections, which together makes up the three- 
dimensional product. 



When the cross section has been generated in a third step 42, a primary running 
schedule is generated for each cross section. The generation of primary running 
schedules is based partly on recognition of the shape of the parts that constitute a cross 
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section, and partly on how the running schedule affects the cooling temperature of local 
parts of a cross section. The object is to create a running schedule that entails that the 
cooling temperature is as equal as possible in the parts that have been fused before the 
next layer is laid down, while at the same time keeping the cooling temperature within a 
5 desired range in order to reduce the risk for the occurrence of shrinkage strain in the 
product, and to reduce the magnitude of occurring shrinkage strain in the product, 
leading to deformation of the product. 

Primarily, a primary running schedule is generated, based on the shape of separate parts 
10 included in the cross section. 

Thus, in a preferred embodiment of the invention, primary running schedules are laid 
down, on the basis of experience of which running schedules provides a good 
temperature distribution of the cooling temperature of the cross section, whereby the 
15 risk for shrinkage strain in the product, leading to deformation of the product, may be 
reduced. For this purpose, a set of running schedules for areas of different shapes is 
stored in a memory. In a preferred embodiment, this memory is updated during the 
course of evaluation of the results from correcting the running schedule, whereby a self- 
educating system is obtained. 

20 

In an alternative embodiment of the invention, pre-formed cross sections, which have 
been generated by a separate computer, is fed to a memory in the controlling computer, 
where said primary running schedules are generated. In this case, the information is 
obtained directly to the third step 42, through an external source 40a. 

25 

In Fig. 5, a procedure is shown schematically, in which the beam from the ray gun is 
controlled over the powder bed in order to generate a cross section of a product. In a 
first step 50, controlling of the beam over the powder bed is initiated, according to the 
primary running schedule defined in step 42. In the next step 51, the temperature 
30 distribution of the surface layer of the powder bed is measured by the camera. 

Thereafter, a temperature distribution matrix, Tjj. mwsurcd , is generated from the measured 
temperature distribution, in which the temperature of small sub-areas of the surface 
layer of the powder bed is stored. When the matrix is generated, each temperature value 
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Tij.measured in the matrix is compared the desired value in a matrix of desired values, 
Ty.desired. Coarsely, the surface layer of the powder bed may be divided into three 
categories. Firstly, areas in which fusion is taking place through machining by the ray 
gun. In these areas, a maximum malting temperature T^max is of interest. Secondly, 
5 areas already fused, and which are thereby cooling. In these areas, a minimum allowed 
cooling temperature Ty-cooiing-min is of interest, since too low a cooling temperature rives 
rise to tensions, and thereby to a deformation of the surface layer. Thirdly, areas not 
machined by the ray gun. In these areas, the bed temperature, Tij. bed is of interest. It is 
also possible to compare the temperature only in machined areas, whereby T^d is not 
10 stored and / or controlled. 

In a third step 52, it is tested whether Tjj. measurcd deviates from the desired value Tij. dcs i rcd , 
and whether the deviation exceeds allowed limits. The limits, ATjj. max , ATij. CO oiiag> and 
ATjj.bcd, belonging to the three different categories, are stored in the controlling 

15 computer 8. It is also possible not to control the bed temperature. In this case, the 
belonging limit value is not stored. In a fourth step 53, it is investigated whether the 
machining of the surface layer is complete, provided that the deviation between Ty. 
measured and Tij_d es i rcd does not exceed this limit. If this is not the case, the run continues 
according to the effective running schedule, whereby the abovementioned method steps 

20 50 - 53 are run through one further time. 

If the deviation between Tij. mcasurcd and Tj jHdcS i rcd exceeds either of said limits, a 
correction of the running schedule 42 is carried out in a fifth step. Said correction takes 
place in a preferred embodiment according to the scheme shown in Fig. 6. 
25 In a preferred embodiment of the invention, a new powder layer is not laid down until 
the completion of each layer, whereby the product is built through successive fusions 
until the product is completed. In this case, a new layer is begun after a sixth step 55, 
provided that the product in its entirety is not completed, when it is noted in the fourth 
step 53 that the running schedule for a layer is completed. 



In a preferred embodiment, the running schedule comprises the following method steps: 
In a first step 56, Ty.^ is compared to Tij.nux-dcsired. If T\}-mzx deviates from T^x-dcsired 
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exceeding ATjj. max , the energy supply to the powder layer is calibrated in a step 56a, 
either by changing the power of the beam, or by changing the sweep speed of the beam. 
In a first step 58, Tij. CO oiiog is compared to Tjj. CO oiing-desired. If Ty-cooiing deviates from Tjj. 
cooUng-desircd exceeding AT^^ng, the running schedule for the beam is changed in a step 
5 58a. There are several ways to modify the running schedule for a beam. One way to 
modify the running schedule is to allow the beam to reheat areas before they have 
cooled do much. The ray gun can then sweep across already fused areas with a lower 
energy intensity and / or a higher sweep rate. 

10 In a third step 60, it is investigated whether Ty.bcd deviates from Ty^-desired- If the 
deviation exceeds ATy-bed, the temperature of the bed may in one embodiment of the 
invention be corrected in a step 60a, for example, by making the beam sweep across the 
bed for delivery of energy. It is also possible to attach equipment for separate heating of 
the bed to the device. 

15 

It is also possible that a control of the size of the object to be manufactured takes place 
through the heat camera installed in the device. According to what has been described 
above, the bed, and the parts that have been fused, is measured. The recorded heat- 
distribution totally reflects the shape of the object in a section of the three-dimensional 

20 body to be created. A control of the dimensions of the object can thereby be carried out 
in a fourth step 62, and a feedback of X - Y deflection of the beam of the ray gun may 
thereby be carried out. In a preferred embodiment of the invention, this control is 
carried out in a step 62a, in which the deviation between measures on the cross section 
is determined, and, if the deviation is higher than allowed, the X - Y deflection of the 

25 ray gun is corrected. 

Further, input signals from the camera may be utilised for identifying the occurrence of 
surface irregularities, for example, in the shape of a wielding spark. When the 
coordinates for surface irregularities have been identified, the running schedule may be 
30 updated to the identified coordinate in order to melt the surface irregularity. 



« 



WO 01/81031 




'SE01/00932 



13 



The invention is not limited to the embodiment described above; for example, the ray 
gun may be constituted by a laser, whereby the deflection members are constituted by 
controllable mirrors and / or lenses. 



5 The invention may be further utilised in a device for the manufacturing of a three- 
dimensional product through energy transfer from an energy source to a product raw 
material, which device comprises a work table on which said three-dimensional product 
is to be built, a dispenser arranged to lay down a thin layer of product raw material on 
the work table for the formation of a product bed, a member for giving off energy to 

10 selected areas of the surface of the product bed, whereby a phase transition of the 
product raw material is allowed for the formation of a solid cross section within said 
area, and a controlling computer handling a memory in which information about 
successive cross sections of the three-dimensional product is stored, which cross 
sections constitute the three-dimensional product, where the controlling computer is 

15 intended to control said member for releasing energy so that energy is supplied to said 
selected areas, whereby said three-dimensional product is formed through successive 
bonding of cross sections, successively formed from powder layers laid down by the 
powder dispenser. 

20 In this case, the embodiment is not limited to fusion of powders through the radiation of 
the surface of a powder bed by a ray gun. The product raw material may be constituted 
by any material that, after a phase transition, forms a solid body, for example, 
solidification after melting or curing. The energy-releasing member may be constituted 
by an electron gun, a laser, controlled across the work surface, alternatively by an 

25 energy-releasing member with the ability to project a cross section directly on the 
product bed. 

Otherwise, this embodiment may be equipped with all the characteristics, which are 
described in relation to the previously described embodiment. 

30 
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CLAIMS 



1. A device for manufacturing a three-dimensional product, which device 
comprises a work table on which said three-dimensional product is to be 

5 built, a powder dispenser which is arranged to lay down a thin layer of 

powder on the work table for the formation of a powder bed, a ray gun for 
giving off energy to the powder whereby fusion of the powder takes place, 
members for controlling the beam released by the ray gun across said 
powder bed for the formation of a cross section of said three-dimensional 

10 product through fusion of parts of said powder bed, and a controlling 

computer in which information about successive cross sections of the 
three-dimensional product is stored, which cross sections build the three- 
dimensional product, the controlling computer intended to control said 
members for guiding the ray gun across the powder bed according to a 

15 running schedule forming a cross section of said three-dimensional body, 

whereby said three-dimensional product is formed by successive fusion of 
successively formed cross sections from powder layers successively laid 
down by the powder dispenser 
characterised by 

20 that the device further comprises members for sensing surface characteris- 

tics of a surface layer at the powder bed. 

2. A device according to claim 1, characterised in that said surface 
characteristics is constituted by the temperature distribution of a surface 

25 layer at the powder bed. 

3. A device according to claim 1 or 2, characterised in that said surface 
characteristics is constituted by the surface smoothness of a surface layer 
at the powder bed. 



30 



A device according to any of claims 1-3, characterised in that said mem- 
ber for sensing of the temperature distribution is arranged to communicate 
information about the temperature distribution across the surface layer of 
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the powder bed to said controlling computer, whereby said information 
about temperature distribution is intended to affect said running schedule 
for the ray gun. 

5 5. Device according to claim 4, characterised in that said information about 

the temperature distribution of the surface layer of the powder bed is util- 
ised to increase the energy delivery within areas of the surface layer of the 
powder bed with too low temperature and decrease energy delivery within 
areas with too high temperature whereby a more even working tempera- 
10 ture of the cross sections is obtained. 

6. Device according to claim 4 or 5, characterised in that said information 
about the temperature distribution is arranged to control the energy deliv- 
ery from the ray gun to the powder bed at fused areas within the presently 

15 uppermost powder layer, so that the maximum temperature after fusion at 

these areas is within a limited range. 

7. Device according to any of claims 4 - 6, characterised in that said informa- 
tion about the temperature distribution is arranged to control the energy 

20 delivery from the ray gun to the powder bed on the one hand fused at areas 

within the presently uppermost powder layer and on the other hand to be 
united with areas in a subsequent layer, so that the minimum temperature 
after fusion at these areas does not fall below a predetermined limit. 

25 8. Device according to any of claims 4 - 6, characterised in that said informa- 

tion about the temperature distribution is arranged to control the energy 
delivery from the ray gun to the powder bed at areas on the one hand fused 
within the presently uppermost powder layer so that the minimum tem- 
perature after fusion at these areas does not fall below a predetermined 

30 limit. 



9. 



A device according to any of claims 4 - 8, characterised in that said 
information about the temperature distribution is arranged to control the 
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energy delivery from the ray gun to the powder bed at areas within the up- 
permost layer of the powder bed that are not so that the temperature within 
these areas does not fall below a second predetermined limit. 

A device according to any of claims 4-9, characterised in that said 
information about the temperature distribution is arranged to be used for 
calibrating said member for controlling the ray gun. 

A device according to any of the preceding claims, characterised in that 
said member for sensing surface characteristics of a surface layer at the 
powder bed is constituted by a camera. 

A device according to claim 11, characterised in that the product bed is 
situated in a closed chamber, that the closed chamber exhibits a transpar- 
ent window, and that the camera is arranged to record said surface char- 
acteristic of the powder bed through this window. 

A device according to claim 12, characterised in that the transparent win- 
dow is protected by a film, that said film is feedingly arranged along the 
window whereby new film is fed whereby the transparency through the 
film and the window is maintained. 

A device according to any of the preceding claims, characterised in that 
the ray gun is constituted by an electron gun, and that the powder bed and 
the electron gun are enclosed within a vacuum chamber. 

Method for the manufacturing of three-dimensional bodies through 
successive fusion of parts of a powder bed, which parts correspond to suc- 
cessive cross sections of the three-dimensional body, which method com- 
prises the following method steps: 
laying down a powder layer on a work table, 

supplying energy from a ray gun according to a predetermined running 
schedule for the powder layer, 
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fusion of the area of the powder layer selected according to said running 
schedule for the formation of a cross section of said three-dimensional 
body, and 

formation of a three-dimensional body through successive fusion of suc- 
cessively formed cross sections from powder layers successively laid 
down 

characterised in that the method further comprises sensing of surface char- 
acteristics of a surface layer situated at the powdered. 

A method according to claim 15, characterised in that said sensed surface 
characteristics comprise measuring of the surface smoothness of a surface 
layer at the powder bed. 

A method according to claim 15 or 16, characterised in that said sensed 
surface characteristics comprise measuring of the temperature distribution 
of a surface layer at the powder bed. 

Method according to claim 17, characterised in that the sensed tempera- 
ture distribution is utilised to calibrate the energy supply to the ray gun for 
the achievement of the correct melting temperature. 

A method according to any of claims 17 or 18, characterised in that the 
sensed temperature distribution is utilised to achieve a correct cooling 
temperature by modifying said running schedule. 

A method according to claim J$ characterised in that areas with a too low 
cooling temperature is reheated. 

A method according to claims 19 or 20, characterised in that upon detec- 
tion of an area with a too high cooling temperature, the running schedule 
is modified so that the build-up rate within this area is decreased. 
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22. A method according to any of claims 17-21, characterised in that the bed 

temperature is detected and that the bed is heated if the detected tempera- 
ture falls below a predetermined limit. 

5 23. Method according to any of the claims 17-22, characterised in that the 

sensed temperature distribution is utilised to calibrate the members 
arranged at the ray gun for the X - Y deflection of the beam. 

24. A method according to any of claims 16 - 23, characterised in that the 

10 following method steps are taken upon detecting a surface irregularity: 

- the coordinates of the surface irregularity are registered and 

- the beam generated by the ray gun is guided to said coordinates, where- 
after the surface irregularity is melted. 

15 25. A device for the manufacturing of a three-dimensional product through 

energy transfer from an energy source to a product raw material, which 
device comprises a work table on which said three-dimensional product is 
to be built, a dispenser arranged to lay down a thin layer of product raw 
material on the work table for the formation of a product bed, a member 

20 for giving off energy to selected areas of the surface of the product bed, 

whereby a phase transition of the product raw material is allowed for the 
formation of a solid cross section within said area, and a controlling com- 
puter handling a memory in which information about successive cross 
sections of the three-dimensional product is stored, which cross sections 

25 constitute the three-dimensional product, where the controlling computer 

is intended to control said member for releasing energy so that energy is 
supplied to said selected areas, whereby said three-dimensional product is 
formed through successive bonding of cross sections, successively formed 
from layers of product raw materials laid down by the powder dispenser 

30 characterised in that the device further comprises members for sensing of 

surface characteristics of a surface layer at the powder bed. 
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A device according to claim 25, characterised in that said surface 
characteristics is constituted by the temperature distribution of a surface 
layer at the product bed. 

A device according to claim 25 or 26, characterised in that said surface 
characteristics is constituted by the surface smoothness of a surface layer 
at the product bed. 

A device according to any of claims 25 -27, characterised in that said 
member for sensing of the temperature distribution is arranged to commu- 
nicate information about the temperature distribution across the surface 
layer of the product bed to said controlling computer, whereby said con- 
trolling computer utilises this information for controlling said member for 
delivering energy to the product bed. 

A device according to claim 28, characterised in that said information 
about the temperature distribution is arranged to be used for measurement 
calibrating of said member for delivering energy to the product bed. 

A device according to any of the claims 25 - 29, characterised in that said 
member for sensing surface characteristics is constituted by a camera. 

A device according to claim 30, characterised in that the product bed is 
situated in a closed chamber, that the closed chamber exhibits a transpar- 
ent window, and that the camera is aiTanged to record said surface char- 
acteristic of the powder bed through this window. 

A device according to claim 31, characterised in that the transparent win- 
dow is protected by a film, and that said film is feedingly arranged along 
the window whereby new film is fed whereby the transparency through 
the film and the window is maintained. 





FIG.l 



WO 01/81031 



2/5 



[SE01/00932 





FIG. 3 



FIG. 4 



40 




r 








, 1 


42 



40a 



WO 01/81031 



# 

3/5 



IE01/00932 




FIG. 5 



WO 01/81031 



5/5 



E01/00932 




8a 

JL. 



8a 

.JL 



FIG. 7 




FIG. 8a 



FIG. 8b 



1 



FIG. 8c 



INTERNA 



AL SEARCH REPORT 



International application No. 

PCT/SE 01/00932 



A. CLASSIFICATION OF SUBJECT MATTER 



IPC7* B22F 3/105 

According to Inlernalional Patent Classification (IPC) ur to both national cl ass ificau on and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC7: B22F . 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE.DK.FI^O classes as above 



Electronic data base consulted d jring the international search (name of data base and, where practicable, search terms used) 



WPI. PA J. EPODOC, TXTE 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 5427733 A (JOHN A. BEND A ET AL), 27 June 1995 

(27.06.95), column 1, line 47 - line 57; column 2, 
line 8 - line 9; column 3, line 60 - line 63; 
column 4, line 11 - line 23; figures 1-2; abstract 



1,2,4-11,14, 
15,17-23,25, 
26,28 



3,12,13,16, 
24,27 



US 5753171 A (J0RGEN SERBIN ET AL), 19 May 1998 

(19.05.98), column 3, line 45 - line 56, figure 1, 
claims 1,12,16, abstract 



EP 0289116 Al (WESTINGHOUSE ELECTRIC CORPORATION), 
2 November 1988 (02.11.88), figures 1,2, claim 35, 
abstract 



1-28 



1-28 



[~^[ Further documents are listed in the continuation of Box C. Sec patent family annex. 



* SpeciaJ categories of ci led documents: 

"A" document defining the general stale of the art which is not considered 

to be of particular relevance 
'[=; earlier application or paienl but puhli.shed on or after ihc inlernalional 

filing dale ' 

"L" document which may throw doubts on priority claim's) or which is 
died to establish the publication dale of another citaiion or other 
special reason (ax specified) 

"O" document referring lo an oral disclosure, use, exhibition or other 
means 

"!»' document published prior to the international filing date bui later than 
ihc priority date claimed 



T" later document published after the international filing date or priority 
dale and not in conflict with the application bui cited to understand 
the principle or theory underlying the invention 

"X' document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

' Y" document of particular relevance: the daimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

*cV document member of the same patent family 



Date of the actual completion of the international search 



1 Auoust 2001 



Dale of mailing of the international search report 



0 2 -08- 20U1 



Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile No. + 46 8 666 02 86 



Authorized o nicer 

Mattias Arvidsson/BS 

Telephone No. + 46 8 782 2S 00 



Form PCT;iSA/210 (second sheet) (July 1998) 



f 

IONAL 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/SE 01/00932 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



WO 9426446 Al (LARSON, RALF), 24 November 1994 
(24.11.94), figures 2-4, claims 1,3,9, 
abstract 



Relevant to claim No. 



1-28 



Form PCT/1S A/210 (continuation of second shc<t) (July 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 

02/07/01 


International application No. 
PCT/SE 01/00932 


Patent document 
died in search report 


Publication 
date 


Patent family 
membcr(s) 


Publication 
date 



us 



5427733 A 27/06/95 



CA 
CN 
CN 
DE 
DE 
EP 
ES 
JP 
RU 
US 
WO 



2174636 A 
1057034 B 
1135732 A 
731743 T 
69409669 D,T 
0731743 A,B 
2115986 
9504054 
2141887 
5530221 
9511100 



T 
T 
C 
A 
A 



27/04/95 
04/10/00 
13/11/96 
13/03/97 
06/08/98 
18/09/96 
01/07/98 
22/04/97 
27/11/99 
25/06/96 
27/04/95 



US 



5753171 A 19/05/98 



DE 


4416901 A 


16/11/95 


DE 


59501852 D 


00/00/00 


EP 


0758952 A,B 


26/02/97 


JP 


10505799 T 


09/06/98 


WO 


9531326 A 


23/11/95 


DE 


4416988 A 


16/11/95 



EP 0289116 Al 02/11/88 JP 63230264 A 26/09/88 

US 4818562 A 04/04/89 



WO 


9426446 Al 24/11/94 


AT 


182824 T 


15/08/99 






AU 


673083 B 


24/10/96 






AU 


6764294 A 


12/12/94 






BR 


9406599 A 


02/01/96 






CA 


2162561 A 


24/11/94 






CN 


1123011 A 


22/05/96 






DE 


69419924 D.T 


20/04/00 






EP 


0714333 A,B 


05/06/96 






ES 


2137367 T 


16/12/99 






JP 


8509524 T 


08/10/96 






KR 


197844 B 


15/06/99 






NO 


307209 B 


28/02/00 






NO 


954363 A 


08/11/95 






SE 


504560 C 


03/03/97 






SE 


9301647 A 


13/11/94 






US 


5786562 A 


28/07/98 



Form PCT/ISA/2I0 (patent family annex) (July 1998) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



M FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




